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Preface

During the conduct of the research investigation of Apollo project manage-

ment, the plants of five major prime contractors were visited and over fifty

interviews were conducted (and recorded) with personnel of those contractors.

The contractors and their major prime Apollo contracts are li,ted in the table

below.

,ruman Aerospace Corp. _ethpage, H.Y. LM

No. American-Rockwell Corp. Downey, California C_q

We. _merican Rockwell Corp. Seal Beach, California SX_ Stage

Rocketdyne Canoga Park, California F-l, H-l, J-2 Engine

McDonnell-Douglas Corp. Huntington Beach, Cali. SIVB Stage

Although not all of the major Apollo prime contracts have been involved

in the research thus far, those indicated above constitute a majority of the

prime contracts and are certainly typical of the rest. The interviewees com-

prised a representative cross-section of upper echelon Division officers, pro-

gram and functional managers, as well as NASA resident personnel from both

MSC and MSFC.

Syracuse University participants in the plant interviewing trips were

E. E. Drucker, H. C. Frederickson, A. Sallett and B. g. Kelmachter.

This paper is in essence an outline of the author's impressions concerning

the NASA-contractor interface, as obtained from the field interviews with

contractor personnel. The tendency of _he author at this time is to look

through the contractors' eyes. In a subsequent pub_leation, the NASA-contractor

relationship will be treated in a more impartial manner, by carefully weighing

end bala_tciug the collective vtL_cpotnts of the two principals.
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The observatlnns a.d ideas set forth in this paper will b_ larEely cast in

the form of two type_ of comparison. One of the_e eoncer_s _he _tmilarlt_.es

and dlfferetlcesbetween MSC and MSFC, wllileth_ other hag to do w_th NASA and

contractor styles of project manngement.
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Introduction

In examiu_ng the relationahtp between Apollo project managers and Apollo

contractor_ t perhaps the only generalization that can aurvlve close scrutiny

_s the statement that the r_latlo_shlp is among the most Important in the NASA

Apollo Program. This follows from the fact that most hardware design, essent-

ially all manufacturing, and most test work is done by contractors. Y_t the

essential, if not legal, responsibility of particlpat!ng in the awarding of,

monitoring and changing contracts resides w_th the NASA project manager_. It

is truo, of courRe, that the NASA managers have important working relationships

with in-house NASA engineers, scientists, legal and contracting personnel, etc.

Nevertheless, of the many elements which comprise the total program the two

most vital ones are the industrial contractors and the project manager_ who

respectively, do the work and see that it is done.

The legal nature of the NASAmanager - contractor relationship is well

defined in contractural documents. The actual nature of the relationship,

however, varies widely in the Apollo program, generally developing well beyond

the specifications of the contract in terms of frequency of contact, inform-

ality, and mutual aid. The basic reasons for the existence of a variety of

types of relationships are set forth below.

a) The relations undergo distinct changes with time, due mainly to the

fact that the work usually progresses through conceptual, design, manufactur-

ing and test phases. The fact that different contracts may be in effect for

different phases is of minor consequence, since the same contractor usually is

engaged for all of the phases. Yet the nature of problems and subject matter

discussed and acted upon are vastly different in the concept phase than in the

manufacturing phase, for example. In the former case there is significant com-

munication in terms predominantly of technical matters. '_echnical" decision

+
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implies a decision based on engineering or scientific information which affects

tile working or performance, of a piece of hardware, computer program, or flight

plan. In manufacturingj on the other hand, concern will be focused on delivery

schedules, minor eng_,neoring changes, and tnapection and check-out procedures.

b) The miasions of the contractors are each unique, the magnitude of the

contracts vary tremendously and Lhe reliability and safety requlremen_s for _ho.

variou_ components differ _J.gnlflcan_ly. '_hc_JC differences each Introduce vari-

ations in the manager - cent:rector_n_erfaee.

c) The Centers with whom the contract_rs _.nterfacehave different mtmago-

meat organlza_Jons antlph_losophles, or at leant they have different apparon_

management practices. Inevitably, then, the manager - contractor relationship

will differ substantially for contracts issued by the two major centers under

study_ MSC and MSFC.

d) Personalities paly an extremely important part in determining inter-

face relationships, as they do within NASA, and in shaping management practices.

No one can deny that, to varying degrees, personality characteristics are impor-

tant variables in any organization composed of people. Nevertheless, most

theory assumes that an organization is built up by first constructing an or-

ganizational skeleton or framework, then filling the slots with appropriate

individuals. Contrary to this theory, in the real NASA world i_ is more often

the case that individuals establish methods of dealing with others, following

which this real behavior is codified by fitting an organizational framework

around them.

Technical Deeiaian

It is comfortable to thluk that the NASA project manager's responsibility

and therefore his decisions can be dlv£ded into technlcal, schedule and cost



categories. "Technical" de.elsi, on implies a deeiuton based an engino.erinfi or

acicntl£1e _nformatd, on wh_.ch af, feet_ the working or performance of a piece of

hm:dware, ¢o,_puter pra,,,ram, or flight plan. There is no doubt', that t:heae thre, e

elements exist and are ,identifiable in moor act:ionn. But tho.y are nat°ely, if."

ever, independent of one another. A "teehnleal" decision can never he made

without eou_ide'_.ng ic.q inf,!].us.nee on coqt or schedule. It may have no J,nfluenee,

be1" ee_:tainly _hc p'roJoet manager toilet: think ghetto and make a Jttdgo, ment: _.n the

mat:t'.e_:, Similarly, a change in ,qehedulu cannot be made withonL any impaeL on

cos_ aud oftetl parfol'm,_mee.

Rather Chats t;>:ying t:o identify a decision an t:cehnical, schedule or eo_t

according I:o the.me, jot suhJcct£ve content of the prol>lem, it is perhaps more

rational to indicate the type of problem and decision by its origin. The need

for a decision aztecs when a problem materializes and one of several alternatt.ve

solutions must be chosen. The problem will commonly by of the nature of an

indicated failure to meet performance specs, a schedule slippage or a potential

cost overrun, These are clearly identifiable by source, but the solution to

each (or decision making) will surely involve alT. three elausical elements.

Decioton making is nothing more than the selection of one of alternative

solutions. The function of the project manager is to examine and evaluate the

alteruattve,_J and make the most rational choice. The manager has staff personnel

who gather and prepare basic information concerning performance (systems engin-

eer, sub-system manager, or R&D liaison person), schedule (program control)and

cost (coutract_o and pricing). Managers will have various degrees of familiarity

with technical details, depending upon the individual and the NASA center.

He relies, thet-efore, to a greater or lesser extent on his engineering staff

members for evaluat:ion of the performance side of problems and their alterna-

tive 8olutions.
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-U:;:".:'_:: In nlat:ters of t_ehnical origin, t,L would appear r,hat the gf;F, project

manager rel/.es very heavily on the In-house R&D people: for o.ngtneerlng evalua-

flea. Ilia act_vlty has been characterized apt:ly as a "lateral management," a8

n C,halrmnn of the Board, as a mediate= of the techn_.eal laboratory repr_senta-

tlvcs and perhaps more of a coordinator than an Ind,.pendent decision maker.

i-/:_i_,_.... Contractors generally eonsldor thls style to be a cmm_quence of the strong

: _ ,V,g, ,4;,.,[
::::'_ laboratory orientation o£ lltmtsvi],!e, in _urn e historical institutional

do.velopmont, by no means d_voJ.d of personality factoz's. As far as the centres-.

tot is eot_e_rno, d, this managerial style, dependent _m it is ttpot_ eonett_'rence

of many po.ople_ mako.s for a J.engthlo.rdecision making process, but also a more

carefully considered one than the strong project management format.

:_ This latter style, in a rather general sense, is characterlsti¢ of MSC

i project management. Inherent tn this generalization is the danger

that the

style attributed to the center i_ in fact a reflection only o_ one or two Indl-

r_t"

viduals at MSC. Regardless of the underlying causative factor, however, the

empirical observation of Contractors and researchers alike is that the MSC

_ manager sits astride a pyramidal organization, takes more of the decision-

,:,_ making responsibility upon himself, This may require, or i_ may follow from a

greater participation of the manager in the tether.at details of the problem

and its solution. It is inevitable that the less a manager avails himself of

staff technical Judgement, the more he must provide by himself. This accounts

for the exerutlatlng detail wlth which some MSC managers become familiar with

,, the engineering content of their projects, a phenomenon which v_ver ceases to

amaze contractor managers to which this concept is generally foreign.

.,:..... A point of similarity between both Centers and the contractors is the

technique of the CCB's (Configuration Control Boards). All organizations have

parallel CGB's at different program levels. Engineering change proposals

: ! . - ..... o :i._.(ii,i
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O,,c:_I_t) are prnc_.nsad mary. rapidly at ltoiull:_n it,hen at: lhmCsvil.lc b_.cant_n -f I:h_,

gro.a_m: do,gr_. of con_rnlized proj_cl: m._nagem_.nl: el: tlm. f_rmo, r c.enl:o.r,

Cou(:r, act Ne_ot'£al:l, on

If _ha NABA and _:a'al:rt:mLor pro.|_cc, manag_._'n have. tim raw_on_tlrl.].tt:y fn_'

maklnf_prop;rain d_aJ._l, otl,_ th¢_ _ontraa_a or L'oni;racl;n Prt.ctufi off|.co_ only have

t:ho larval aul:hor].i:y t_ tratml.n_,n t:ho._te,d_ei.at.onn _-tt:o conl:_aat.ual d_aumanta,

tra('_l: ad,rl.nt.tttrato.v, Thin t._ uoi: i:o f)_y that: the ba):);'l(;_' t.n t.ufittx'mom_l_nl)]¢;_

it t.,t it:haply t_lho.rc_itl.y t:hero,

At MSFG, tile Contracts Offlce Is oot a _iubdl,vlnl.on of i:hc: Apol],o lilyo[_'i'alli

Office, but iS an itidepeudent staff or ft_ui.*tl, olla]_ [_'l:otlli, TIle ma_ager - co[il:_-act

administrator vel.atl, mmhip thc.rcfore tendo to be somewhat formal alld oom¢:whnt

far apart, and the process of transl.attng program needs into legal, ¢locumcmt_3

tends to be lengthy and needful of bett:er coordination.

At IdSG, the contractin_ a_!d technical people have a less formal and store

closely a_l_.ed re_atlonah_p_ and as one Contractor respondent aptly pat £t

"are closely in bed w_th each other'." The NASA contract people participate in

technical negot_aeton_ between _8A and _ontrac_or managers, a practice not

followed at ESFC. As a _esult o£ the close l_a_.son there generally is qu£cker

conErac e_ action. Organ£zat£onally, this takes plate throu_lh the Gontracl:

Engineer_ng Offices_ which are Jointly responsible _o the Program Office (via

Program Control) and to the Director o£ P_ot_am _on_rol and Gontracts on the __

staff s£dc of the house.

7
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In term_ of Conl;raetor pro.fo,renen, ther_ i,a little, do_fl_tthat the M,qC type,

of _:onl:rao.tnogot:£atton is tilemore deai_'nble of _he two, Thlr_ fo.c,|.ingJ.s

lllutJtrated by r_ho.ntat_m_ut of a C_ntract'.orF,_.eut'l,w,,_ho had hnd oxp_rlonce

w.lth both L'entnru: "I have. never ye:1:had _,v,,arbalcommitment out of llo,mt:on

sitl_inf_ t,n tht_ offl.e_ with tho_ vontrae.tlng po,opl.a and the to.choP.eel po.opl_

thnt wa.,.m'l" l.ivnd up t:o hy the ,,.ontrtmttng penpl.a," 14y 'J.mpll, ealzlon_ timro,, ware

o._po.r'io.tleat_ with llu_,_tttvt,l.la, iu Mlg.ch, at the vo,ry lo.nnt, the.re were dt.ffte,].,,

tl.,_.,8 w.i,th NAflA coIl1:rae.l: re]low ut) of pr'.l.or toehnt.cal ngreo.mo_lt:_,

NA_A ,!t_flA._o..Ue_; o:It Coy_t.raef'orf_'. OrltatIt.-_nt.l,,J_i_!_

Virtually ,:vet'y (:onVrt_etor lma l.nd_.ea_:_;d t:hat NA,qA ha_ _n|'],t_;ne(,d _.t:n

orgau_ga_'Lou w'Lth_u Lhe pareu_ flrteo _h'La lm,_bceu etmr_,_c_eri_ed as "_

company wttll_tt a ¢ompggy." To 8o_le eo_t'cactort_ the p_'og'_'oumtal;te nr_;n_t_zot.'J.o.'ml

_iot.'lll Watt not new° florae ¢out:_'_eter_._ ro, wl_t:ed but; a..l% seemed to have ew_lvcd o

_troug progro_a of£_a. _roui,:ally, the,,m contract:or progrant offtea_ appear

t:o b_ q_:isidet'ably _t:_:otlger titan |:holm tu NASA l.tso.lf,the very etimulant to the

_inergence of _he aggre_ive_ r_cV.._.ou-orieut.edmanagement format. Th_ uudoubt-
o-

edly also haa been soma £nfluen¢t,_on the NASA orgaulzatlon by con|rackers,but

th_s is much more di£ficule to a,_,_e_s.

_'he uo_tou tha_ the NASA m_d the Contractors' program of£[c, es have eorres-

pending or =ounter[mrt l)OS%_tons i_ w_de_pread in NASa. floweret, i_ w_8 found

tha_ the Contraetorts Progra,_ Manager It_ general does not: he.re a single counter-

part in the Spruce Agency, iu spite of the efforts of the latter to bring this

about, The des£rabtlity of couttterpart per,_otmel throughout the afifect'.cd

organizations is cleat, £t_ that £_ make._ obvious point_ of contact and pro-

ntotes east_ of eoutattunit_ai:iott attd ptupo&ut,_.ug of reopotmtbilt.ty. 2,t WaS found,

f_
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thaugh, I:!m_ there i_ an overlap, ratho.r than a clear cut: matching of ro.t_pon-

,qibili_ia,q. Carre_nandtngl_, it: was indicated t:ha_: imrl:_cul.ar cont_raetar managers

had no_e.ral al._;ornat'tva point, of cant:act t.n NASA. at: different: attthorit:y leval_.

Th:[fl if_ pm?t:ie, ularly connpiettous at;, M,q_, who.re de_pit'.e the official designation

of only one prozram manager /!or Apollo, thnre ara aflaiatant and t_tthordina_o.

, porqonrl whoso, ra,qpantdhtl',[t:len all;hough not tit;lea, correspond el_oooly to

theme, of n p'_?oJoc-f: mtlna_o.r,

It'. _J.n under;_tandal,le thai; each NA._]A project and mtb-_y,t_ta maual_er tio._ir_m

to so.o. hq,q (lani:raet:o'_?'fl matiagt:r oe_eupy a ponicion of groat attl:horit.y within

hi_ Col,ipany, Thin luaur(;o gh¢: t_mtil_ttmettt: of a getieronfl flhare of the Company's

ro.tlt_ll'_?c(_8 to |:h( _, p_o'jo.o.t :[.ttvo].vo, d attd :t high standin_ on the Companyts priorii:y

list of tu-hottfte work. Howover_ t;he t;t:ro._ct'h of the P_:ogr,,_m Manager within ht._

Company d¢_peuda on tile relative value of the Cont:r_ct to the Company, measured

not oxc.tu:'_ively in doll.urn but trt rerm,_ ae well o£ the future potential of the

product concerned or the technical _apabilfties oct,uired. Some of the Contracts

were :_o large and importzat'_: that the 'Oro.,irem org.-:a.*-_t_on quickly assumed the

actual, bat generally not tltv!':zr,:'ta_.t:t_, cf a se0_':-'_edl.vl.sloi_of the Com-

pany, phyqlca!ly not eontlng,tous *:othe Co_r_panyan l having most of the staff

support" usually associated Yit' a pa'cent company. A good example of this

a_:rangement le the SI_ Stage P._:ngcam,conducted by the Space Division of North

Amerlc:_n-Rockwell Corp. at i_- ,_e,)ara_efacility in lltmtlngton Beach.

On the o_;hor end of the spee':r,tm, w!,ere there are several projects of

relatively sma_" an,_ equal e.ize, the eompaty rqsouree:_ are economically dis-

trlbuted to the project in the ve,:ently dos'[gusted "matrix form." That is,

the several projects draw on functional services of Com_atty Departments, and

person,a.-._,lhave joint responslb_.lity and loynlty to both programmatic and func-

tlotml orgmtlza_ious. In contractor parlance, this process is known as "pro]ee-

r =
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Resldent .--..--_SA

:=_i_i___ As a consequence of the differences in project manager authority at the

__,_!., two NASA field centers, the resident NA,_A personnel at the Contractor sites

i_ appear also to have corresponding differences in authority. A_ter all, the

_, resident manager is an extensinn or a representative of the Center manager,

and the observation above is therefore to be expected. The Houston RASPO

_=.:.:-" (Resident Apollo Spacecraft Office) people apparently make more on-stt_ deci-

_:&' I_'"[_ i_!:i siena than the llunLsvllle RMO {Resident Management Office) personnel, _,i,o more
:::_,_ typically re_er problema back to Hun_sville for review and decision.

_::,_:.:_, The contractors for the most part ree'o_Inl,_e som_ benefits, to #:hem, o_

_'_%::::::: the presence of NASA resident personnel (mostly where the personalities are con-

ductve to cooperative mutual a£d)_ but also feel that residents to some extent

hinder the progress of the contractor's work. This is nat_ral. When viewed

from the NASA point of view, however, it is clear that the residents have

played an essential role in keeping the contractor's progress as well as his

.m_: '_-- _"., ......... ........ :'' potential problem sources highly "visible" to Ce:__r project and vehicle managers.

...._: Some Contractor Complaints

Xt is inevitable that the forced £nt_.m_y of a public and a pr_-vs_e agency

will produce certain tensions, points of friction and irritation. In defense

_, of the overall system, however, it must be emphasized that all parties concerned

agree that the 8eneral nature of the NASA - Contractor relationship As not

= "_ only satisfactory, but has helped more than hindered the achievement o£ program

_ objectives _d_lle _ully protecting the public interests. The complaints made by

the contractors should be viewed against this background_ and perhaps consider-
o

" ed as suggested areas of potential improvement in the NASA - Contractor mode

of operation.

r
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l. The'to is excessive monitoring ou the part of NASA, and undue penetra-

tion into thr_ internal affairs of the Company. This is no doubt due to a well

meaning, paternalistic attitude on the part o£ NASA toward :I,Cs contractors.

Neverthel.es_, it croat:as in the contractor organ!___g_ion a "goldfish bowl

eomplox," Honitoring activities have been dacreasJ, ug in recent months, as

projects near completion.

2. There is a general f_.ting that NASA t s ovarmanned t especially at the

resident level. This is more an now than in the earli_.r stage0 of the program,

and is partly attributable to the small degree of f1._rtbi1._,e'.V ehn_ NAgA has re_

gardlng the decrease of civil servlet_ p_.rsonuel, Ag arty rate, a sort of Parh_u-,

son Law affect sets in which leads to

3. Excessive requests by NASA _or information, briefings, proposals, etc.

The tendency to have nmotlngs increases in inverse proportion to the amount of

work that people have to do. At the same rime that pressures on NASA personnel

are relaxed, the work load on contractor personnel tends to increase in v_ew of

the phasing down of manpower toward the end of the contract period. This accen-

tuates the time demands placed on contractor personnel by NASA in the final

project phases.

4. There is some ambiguity in NASA ,uanagement, compared to the Company's

clear lines of authority. Who to go to to get particular decisions? Who is

attthorized to require the contractor to make changes? There is no single chief

engineer on the NASA management team for a particular project, There is a whole

spectrum of changes_ from those llghtly suggested by intermediate level NASA

people to those demanded, authorized and contracted for by top level NASA managers

and contract officers. This is a difficult allegation to prove, because in a

legal sense there is a formal, well defined procedure for bringing about not

only hardwar© changes, bu_ schedule, cost, contractor persennel and other changes

]9700] ] 814-TSB02
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tills difference is amplified.

_!_.si.oq cf NASA and Contractor __[i0_9_ __

Several similarities and differences between NASA and contractor project

management have been alluded to in the paragraphs above. A thorough exposition

of the subject would require a lengthy paper in itself, and indeed this is an

' objective which is being pursued. At this time, however, an outline would be

fistful of several of _he more salient features of project management as practiced

by _he principals involved in this study.

I. The contractor's fundamental motive is profit, whether it be direct

or the acquisition o£ an expertise and experience base from whlch other enter-

prises may be launched. This is not to deprecate industry; on the contrary,

the indirect motive is the very vehicle by which NASA funded technological

developments are most effectively transferred to the industrial community.

Obviously, NASA's function is not to earn money but to insure the meeting

of performance and schedule goals set in the early stages of each project. While

project managers operate under money constraints, they are generally less con-

cerned with effectlng economies than they are wlth obtaining the greatest per-

formance and reliability of their hardware in a given time.

While there is no conflict between NASA and contractor by virtue of basic

motives, these do influence the general philosophies of the two groups.

2. The contractor's major problem areas are detailed design in the early

phases; manufacturing, labor, union and associated difficulties in the latter

project phases. In the early stages of most project developments, the NASA

manager often participates in technical evaluatlon and critique, but as the

project matures_ his concerns shift to scheduling, supplementary funding and

cont_oll£ng chang_so Thus, the roles of the NASA and contractor managers are

not the same and they diverge to some extent with time. The managers are

1970011814-TSB04
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therefore not "counterpart" in the sense of performing s$.m:_.ar or parallel tasks,

but are complementary to each other and act more as members _ the same rather

than competing teams.

3. The contractors' program org_nlzatlons are strong and highly pyramidal

in shape, at least in the case of major prime contractors. NASA's influence

in this direction has been large, but by the nature of private enterprise,

supervisors have more authority over subordlnates than |n public service (with

the exception of military and police types of functions). The NASA program

organization appears to be weaker in terms of llne authority, having the nature

more of a coordlnatlngt monitoring and advising group. However_ there are or

have been particular project managers who are highly authoritarian, even border-

ing on dictatorial.

4. Contractor project organizations of any size have designated chief

engineers (generally called Project Engineer). The project manager relies

heavily on his chief engineer for technical work and declslons_ concerning

himself with sehedulej cost_ contract and change negotlatlons_ production,

quallty_ and customer relations,

The NASA project manager in effect has many engineers_ but no chief en-

gineer. Some individual may, by virtue of his personality or stature, take

on the responsibilities of a chief englneer_ but there is no formal structure

of this kind.

5. Contractor program managers tend to delegate more authority to their

staffs than do the NASA managers. Many possible reasons for this behavior may

be suggested, but evidence to confirm the predominance of any particular one is

presently lacking.

6. It could be predicted from observations 4 and 5 that NASA managers

tend to engage in greater amounts of technical detail than do the contractor

.... _,>y
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manager_. Xndeed, _hie has been found _o be the case, as was pointed out in

earlier rcforences_ particularly with regard to the HSC management _tyle,

Contractor managers, it was shown, dQpend heavily upon their chief engineers

for technical detail, because there i_ a formal staff structure and because the

managers themselves have decision making responsibility in many dlffer_nt

areas.

7. The prime contractor is a m%ddle man with respect to sub-contractors;

that is, he is both contractor and contraetee, This positlon can create cer-

tain problems which the NASA managers do not encotmter with their s_,ngl,e out-

sld¢ interface. Of course, it is also true that NASA managers do assume active

relationships with many sub-contractors. But these relationships, certainly

lu a legal sense, are different from those of the prime contractors.

The interface between Apollo program manager and contractor has been dis-

cussed from two points of view. In one, the similarities and dlfferences be-

tween the two types of managers are examined, Differences exist because there

are government agency and private industry operations involved, with quite dif-

ferent motivation. This in turn leads to dissimilar organlzatlonal structure

and manager authoritativeness.

Interfaces are also discussed with a view toward existing variations at

the NASA field centers of management style in contractor dealings. These varia-

tions result from the differences in institutional history and in key-figure

characteristics.

In a separate listingj various pieces of contractor criticism of NASA are

tabulated, in a manner which is somewhat biased in favor of the contractors'

bones of contention. Here detailed study and analysis of both NASA and con-

tractor interviews will yield, it is certaln_ supporting evidence for most of

u ,)
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_h_ tmpre_.ions arid hypot;hefma _taCed herei_. I,i th_ final a_aly_, hope--.

fully an unpreJ,,die_danalys_ of _he compl,alnta of bo_h prlnelpal, may be mnd_.
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